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N-PHENYL-2-PYRIMIDINE- AMINE DERIVATIVES AND 
PROCESS FOR THE PREPARATION THEREOF 

This application is a continuation-in-part of Serial No. 10/446,446 filed on May 28, 
5 2003 as N-Phenyl-2-Pyrimidine-Amine Derivatives and Process for the Preparation 
Thereof. 

TECHNICAL FIELD 

10 

The present invention relates to a N-phenyl-2-pyrimidine-amine derivative 
represented by the following formula (1), which shows a superior therapeutic effect on 
lung cancer, gastric cancer, colon cancer, pancreatic cancer, hepatoma, prostatic cancer, 
breast cancer, chronic or acute leukemia, hematologic malignancy, encephalophyma, 
1 5 bladder cancer, rectal cancer, cervical cancer, etc. of warm-blooded animals: 




R, R 5 (1) 

and its salt, in which 
R, represents 3-pyridyl or 4-pyridyl, 
R 2 and R 3 each represent hydrogen or lower alkyl, 
20 R 6 or R 7 represents a radical having the following formula (2) : 

wherein X represents oxygen or NH, n=0 or 1, and R 9 represents aliphatic having 5 to 10 
carbon atoms, or represents 5 to 7 membered saturated or unsaturated monocyclic radical, 
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or bi- or .ri-cyclic radical optionally combined with a benzene ring(s), each of which ha, 1 
,„ 3 hetero atoms selected from a group consisting of nihogen, oxygen and suite, or 
represents ptperaziny, or homopiperaziny! each of which is substituted by lower a,kyl, and 
R, Ri R, andR, each reprint hydrogen, or one or two (hereof each represent halogen, 
5 lower alkyl, or lower alkoxy when Ra represents the radica, of the above fonnula (2), or 
„„e or two of Rt, Rs, «* and R, each represent halogen, lower alley,, or lower alkoxy when 
R, represents the radical of the above formula (2), 

pr0 v,ded that R6 or R, represents a radica, of formula (2) wherein n-0 and R, ts 
4-memylpiperuzine, then one or more of Ra, R S , fc. and R„ or one or more of Ra, R„ Ra, 
10 and R 8 are halogen. 

The present invention also relates to a process for preparing (he compound of 
formula (,) and a pharmaceuueal composition for (he (reahnen, of such diseases as lung 
cancer, gastric cancer, colon cancer, pancreatic cancer,. hepatoma, prostatic cancer, breast 
16 cancer, chrome or acute leukemia, hemateogic malignancy, encephalophy™, bladder 
cancer, recta, cancer, cervical cancer, etc., wh.ch compnses an effective amount of the 
compound of formula (1) or sal, thereof as an active ingredient together wte 
pharmaceutically acceptable inert carriers. 
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BACKGROUND ART 



The earlier therapeutic agent for Chronic Myelogenous Leukemia (CML, below), 
25 teatimb mesylate (Gleevec, Korean Paten, Laid-open Pubhcahon No. ,993-002,624 and 
Korean Patent La.d-open Publication No. 2001-002,950), has the structure of the above 
formuia (,) wherein the amide type radica, of formu,a (2) (n-0) is substituted a, the 
position of R„ Ra is methyl, and R, is methylpiperazme, and so shows restnehve 
therapeutic effect, low stability, and several problems in ,«s manufacturing process. That 
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is , since , mat ,„ ib m ea y ,a,e has a h, B h hysrosoopio property, « I. ^ 

front a spec* so,™, ,oh as — in order to ntaintatn a speotf. 
Lt and should be used soon * Us preparation. Further, thts contpound 

o,„,s It is synthesized in the order that 4-chloromethylbenzoic 

fro : o,her r » J — , u^ „« - 

adversely affect the yield. 



DISCLOSURE OF THE INVENTION 

15 

r~-::;r.- — — — 

20 the present invention. 

pyrhnidine-amine derivattve of due following formula (1): 

Ft, 



R 
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R, Rs (1) 



25 and its salt, in which 
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Rl represents 3-pyridyl or 4-pyridyl, 

R 2 and R 3 each represent hydrogen or lower alkyl, 

R ( , or R 7 represents a radical having the following formula (2): 



0 




„, tou n=o or 1 and R, represents aliphatic having 5 to 10 

5 wherei - x rep ::::: ^ or — — 

carbon atoms, or represents 3 hag 1 

.*«-^— «^-*— t : £ an, * o r 

,„ 3 hetero atoms selected from a gronp constating of nitrogen, oxyg 

- -- R --- h ^t^r:iriahoJ-M 2 ,,or 

,ower alkyl, or lower alkoxy when R, represents 

r 7 represents the radical of the above formula (2), 
I, ed tha, Ra or R, represents a radical of for- (2, wheretn n=0 - * - 

and Rg are halogen. 

^^ootherpnrpoaeofthepresentinventtontoprovideaproeeasforprepatingthe 

compound of formula (1). 
20 ■ ^tim, to nrovide a pharmaceutical 

r:::::::r:^=-- 
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Below, ,he present invention will be explained in more ML 



BRIEF DESCRIPTION OF' THE- DRAWINGS 



Figure I shows me Pharmacol daia of ft. compounds of Examples 2 and 4 
^.epresenf — — 

Figure 2 shows ,he pha—enc dara of ,he compound of Exaruple .0 when i, 
.dministered via intravenous injection. 



is a< 



BEST MODE FOR CARRYING OUT THE INVENTION 



,„ te above denninons for .he — s of N.pheny.-2-pyHrmdine-^e 
d e r ,va«ve of formula (1), which shows a superior effec, ,0 iung carreer, g as,nc ca„« 

■ ip an cer etc in warm-blooded animals, the term lower alkyi 

Ul, isoburyl, secoufyl, — , o-he.1, o, ho. does no, 

25 Jned merero. The rerm "aliphanc" radical means atony,, alxyny, or aUcyf 

Pref eraole eomponnds among me compound of formula (1, include rhose wherein 

R, represents 3-pyridyl, 

R 2 and R 3 each represent hydrogen, 
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R s or R, represents a radical having the following formula (2): 

-H^-O-nr^ (2> ... 

ir — w or one wo _ - — 
u *. - *. - — — -* - — * when repre 

radical of the above formula (2). 

In te nspee, o f tnhihinon of protein Kinase, pabular* prefer* „ * 
, of fonnula ,i) include those wherein R, represents 3-pyndyl, Ra, 8a. 
a mong the compound of formula (1) 

R», R, Rt. »d *«* present hydrogen, and Re represents 

wherei „ »M, and Represents 4.me,hy,homop,peraz,ne, or n-1, X represents NH, 

represents 4-methylpiperazine. 

5 a t fem.,,1* m wherein Ri represents 3-pyridyl, R 2 and R 3 

Further, the compound of formula (1) wnerem 

*i 1 t? r and R s each represent hydrogen, and 
each represent hydrogen, Re represents methyl, R S , Re andRaeac p 
.represents the radical of fotmula (2) wherein n=l, X represents NH, and R,represe„ 
4-methylpiperazinc is particularly preferable. 

Th e compound of formula (1, tnoludes one or more hasic groups or one or mot. 
,• , „„d so may form an acid addition salt with aliphatic sulforuc acid (t.e., 
m - —mo acd,, hydrochlo, acd, ~ ^ 
aci d trimuoroacettc acd, acettc acid, prop.onto acd, glycolic acd, sneenre acd, m^c 
25 1 fomanc acd, citric acid, tartaric acd, oxalic acd, annuo acd (1.,, lystne), hen. 

!' r vlic acd e,o When seveta. hasic groups exist in a molecule, the compound of 
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acceptable sans as mention* above, acetic acid sah and hvdrochioric acid sa„ are better 
tta1 methanestfifonic acid sah, since they have bener sohmihry in water and show good 
absorptivity in Pk test. 

According to Ore present invention, the compound of formo.a (1) as defined above 
and its sal, can be prepared by a process whrch compnses reaotmg a compound represented 
by the following formula (3a) or (3b): 



rfV R ' 

R, 




(3a) 



R 6 

R, R 5 (3b) 



defined above, with a compound represented by the following 




10 wherein Ri to Rg are as 
formula (4): 



(4) 

wh erein L represents a leaving group, preferably halogen, to produce a compound 
represented by the following formula (5a) or (5b): 



R, 




(5a) 



15 
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k, R. < 5b) 

wte ei» Ri to Rs and L are as defined above, and reaoung me compound of formula ,5a) or 
(5b) with a compound teptesented by the following formnla (6): 

H(X)-R. (6) 

whetetn X, n, and * « as defined above, to give a eotnponnd represent by the 
following formula (la) or (lb): 




(lb) 

10 the present invention to provide the above process. 

The above process according to the present tnvention is preferably carried on, in a 
solV e„, and in d, presence of a base. Any conventtonal solven, or base which doeano 
tersely affect rhe reaction can be used, bu, one or more solvents seleoted from a group 
15 consisttng of tetrahydronaran, methylene ch,onde, elhano,, and methano,, and one or m „ 
L seled from a group consisling of pyndtne and tnemylamme can be preferab,, 

mentioned. 
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by referring to the specific examples. 



portion Scheme 1 




NH 

O O Jl H 2 NCN,HN0 3 Me 

H 2 N NH 



NH 2 



Me 2 N(OMe) 2 ^^^ N ' Me + 
reflux ,23h ^ J Me 
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reflux.EtOH 




N0 2 



reflux 



HNO3 



N0 2 



NaOH 
IPA 



V yY H2 q 

^N Me A^ 0 /= 




,Me 



SnCl 2 -H 2 Q ^N Me ^ VT^W 
reflux, EtOAc + C {\_J 



reflux) THF,NEt 3 
H 



CI 




ir 0 «<£l OCC^ 




pyridine, THF 
reflux 



EtOH 
r.t 



CH 3 S0 3 H 



H H 





,Me 



CH 3 S0 3 H 
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Reaction Scheme 2 
o 

Me 2 N(OMe) 2 

U s reflux.23h 
N 



NH 




N + 



Me 



A MU H 2 NCN.HN0 3 
H 2 N NH _J 



reflux.EtOH 



HN0 3 



NH 2 



N0 2 



reflux 



N0 2 



NaOH 
IPA 



H 

reflux, EtOAc 



NH 2 



reflux THF,NEt 3 




EtOH 
r.t 



CH3SO3H 



/ — \ 
HN * N-Me 

\/V 

pyridine. THF 
reflux 




H 

If 



O 

H II 




Me 



. CH3SO3H 



The starting materials used in Reaction 



Schemes 1 and 2 are commercially 



5 available and can be easily obtained. The reaction may be conventionally carried out 
under cooling to warming. After the reaction is completed, the resulting product may be 
further purified by usual work-up processes, 
recrystallization, etc. 



for example, column chromatography, 
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The above process 



for preparing the compound of formula (1) of the present 
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invention gives such advantages as stability of the ohemioal structure of the intermedia, 
simple control of reactton conditions, increase of the reaction yield, etc. when compared 
„i,h the brown process comprising the steps of coupling the compound of formula (4) 
wit „ th e compound of formula (6) firs., and then reacting theresulting compound wtth the 
5 compound of formula (3a) or (3b). 

The compound of formula (1) of the present invention exhibits a superior effco. on 
,u„g cancer, gastric cancer, co,on c«er, p«rea,ic cancer, hepatoma, prostatro cancer, 
hreas, cancer, chronic or acme leuhemta, hematologrc malignancy, encephalophyma, 
w bladder cancer, recta, cancer, cereal cancer etc., and so can be advantageously used for 
me treatment of those diseases. Parttcularty, me compound of fonnula (!) wherenr X - 
NH shows better medicina, effect on CML man bnaunib ntesylate, and me compound of 
formula (,) wherein the substituen. of fonnula (2) rs introduced into me porifion of Ra 
shows an exceUem anti-cancer activity on several pans of the bod, including lung, 
15 stomach, etc. Further, tf.be sab forn, of me compound of Ml) is converted from 
methanesulfonate to acetate or hydrochloride, water sohrbi.ity and absonrtivtty mto .be 
body of animals are htgnly rncroaaed. The effect of me oonrponnd of formula (1) and • 
sa „ according to me present invention can be confirmed by the test re* of the fonowmg 
experiments. 

20 

When the active compound accordtng to the present invention is used for clinical 
purpose it rs preferably administered in an amount rangtng generally from 1 to 100K, 
preferably from 3 to 6wg per kg of body weigh, a day The total daily dosage may be 
admimstered once or over aevera. times. However, me specific administration dosage for 
25 , patient can be varied with the specific compound used, body weigh,, sex or hygtento 
condition of the subject patient, diet, rim. or method of administration, excretion rate, 
mixing rario of the agent, severily of the disease to be treated, etc. 

The compound of the present invention may be administered in the form of 
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injections or oral preparations. 

injecions, for example, sterilized aqueous or oily suspense, for injection, ean be 
prepared according to the known procedure using suttabledispersing agept, wetttng agent, 
„ r susp.nd,„ g agent. Solvent which can be used for preparrng injections include water, 
Ringer's fluid, and isotonic NaC. solution, and also «H Axing oil may be 
conveniently used as solvent or suspending media. Any non-stimulative fixing od 
inchrding mono- or di-glycende may be us* for this purpose. Fatty acid such as oleto 
acid may also be used for injections. 



As the solid preparations for oral administration, capsules, .ablets, pills, powders, 
granules, etc., preferab.y capsule, and tablets can he mentioned. It is also durable for 
.ablets and pills to be formulated into enteric-coated preparation, rrae solid prepares 
raay be prepared by muring flte aotrve compound of formula ,1) according .0 the present 
15 invenflon wilh a, least one ca™r seleoled flom a group consisting of inactive drluents 
suoh as sucrose, laolose, star* etc., lubncants such as magnesium slearate, disintegrating 
agent, and binding agent. 

When the compound according to the present invention is clinically applied for flte 
2 „ treatment of lung cancer, gastric cancer, oo.on cancer, pancreatic cancer, hepatoma, 
prostatic cancer, brens, cancer, ohronio or acute leukemia, hematologro malignancy, 
e„cepha.ophyma, bladder cancer, recta, cancer, cervical cancer etc, the active compound 
„f taurla (1) can he adm.nis.etod alone or in combrnation with ,he exiting 
chemo.herapcn.io agents such as 5-Fu, oisplatin, taxol, methohexate, anthracyehn, etc. 

25 

The present invention will be more specifically explained in the following 
Examples and Experiment, However, U should be u*iers,ood tha, these Examples and 
Expenments ar, intended to illustrate the present tnvention but no. in any manner to hmt. 
,he scope of the present invention. In the followtng Examples, R, vain, was measured on 
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silica gel (Merck, 60F254, Germany); the ratio of each solvent in the eluent mixture was 
volume ratio (v/v); and melting point was measured by DSC thermoanalys* instrument 
(NETZSCH, DSC204 cell). 'H-NMR was measured by Brucker, Ac-200. 



EXAMPLES 



Pre paration 1 

10 N . ( 2. m ethyl-5.nitrophenyl)-4-(3.pyri,)y])-2-pyrimidi„e-ami„e (35g, 0.114mol) 

and stannous chloride dthydrafe <128.5g, 0.569mol) were dissolved in a solvent mixture of 
ethyl aeetate and efhano. (2SM, 10/1, v/v>, and the reaetion solution was reftuxed for 4 
horns Tire solution was cooled to ™ temperature, washed with 10% aqueous sodntm 
hydroxide solution, and concentrated to give N-<5-amino-2-me,h,,phe»yl)-4-(3- 

15 pyridyl)-2-pyrimidine-amine (35g). 

Rf = o 45 (Methylene chloride : Methanol = 9:1) 

• H -NMR(DMSO-d 6 )= 2.04(s,3H), 6.30-6.34(m,lH), 6.76-6.77(m,lH), 6.84-6.87 
(d,lH), 7.34-7.35(m,lH), 7.50-7.56(m,lH), 8.38-8.47(m,lH), 8.53-8.57(m,2H), 8.66- 
20 8.70(m,lH),9.23-9.24(d,lH) 

The starting material was prepared as follows. 



25 



Step 1.1 

3-Acetylpyndine (100g, 0.19mol) was added to d.methylformamide 
dl methylacetal (156.5g, 1.27mol), and the mixture was reacted under reflux for 23 hours. 
After the reaction mature was cooled to 0°C, a mixture of diethyl ether and hexane (3:2, 
v/v) (500m*) was added and the whole mixture was stirred for 4 hours. The resulting 
solid was fdtered and washed with a mixture of diethyl ether and hexane(500,ni> 3/2, v/v) 
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to give 



3-dimethylamino-l-(3-pyridyl)-2-propen-l-one(120g). 



Rf = o 46 (Methylene chloride : Methanol -9:1) 

>H-NMR(CDCl3)= 3.04(s,3HV 3-.24(s 5 3H), 5.83(s,lH),. 5.89(s,lS)„ 7.48-7.55 
5 (m,lH), 7.89-7.95(m,lH), 8.27-8.32(m,lH), 9.00-9.02(s,lH) 

Step 1.2 

2-MemyM-m.naanmn. (100g, 0.657mol) was dissolved in Chanel (250,,*), and 
65% aqueous nitric acid solution (48-, 0.65mol) was added .hereio. When «he 
10 exothermic reaction was siopped, cvanantide (41.4g) dissolved in water <4,.4g) was added 
th e re ,„ The brown nnxtore was reacted under reflnx for 24 honrs. The reaction mature 
was cooled ,o 0»C, fihered, and washed with eihanohdieihy, e«her(l:l, v/v) to gtve 
2-methyl-5-nitrophenyl-guanidine nitrate (98g). 



15 K f 
l 



R, = 0 1 (Methylene chloride : Methanol : 25% Aqueous ammonia -150:10:1) 
H.NMR(DMSO-d 6 )= 1.43(s,3H), 6.59( S ,3H), 6.72-6.76(d,lH), 7.21-7.27(m,.H), 



8.63-8.64(br,lH) 
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Step 1.3 

3-Dimethylamino-l-(3-pyr 1 dyl)-2-propen-l-one (25g, O.Hmol), 2-methyl-5- 
nitrophenyl-guanidine nitrate (36g, 0.14mol), and sodium hydroxide (6.5* 0.163mol) were 
dl ssolved in .sopropanol and reacted under reflux for 18 hours. The reaction solution was 
cooled to 0°C, filtered, washed with isopropanol and methanol, and dned to give 
N-(2-methyl-5-nitrophenyl)-4<3-pyridyl)-2-pyrimidine-amine(20g). 

Rf = o 6 (Methylene chloride : Methanol = 9:1) 

'H-NMROJMSW*. 2.43(s,3H), 7.50-7.60(m,2H), 7.89-7.93(m,lH), 8.47-8.50 
(m,lH), 8.62-8.64(m,lH), 8.71-8.74(m,lH), 8.78-8.81(m,lH), 9.27-9.33(m,2H) 
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Preparation 2 

N< 5-a ml no.2-me,hyl P henyl)-4<3-pyridyl).2-pyrimidine.a I nine(2.8 3 g,8 29m m o0 
was dissolved in .arahydronnan (20,,*), hie.hy.amme (..«, 9.95mn,o.) was added 
t We.o, and ,„e mixture was sd^ for 30 minu.es. 4. C hlorome,hy, henzoy! chlonde 
(2 03g ,0 7 8m mo.) was added and the whoie mixture was reaeted under reflux for 4 hours. 
The mixture waa filtered, and the filtrate was eoneentrated and crystafflzed from water to 
^ N . (5 -<4«Uommemylbenzoy^^^ 
amine (3.12g). 

R f = 0 38 (Methylene chloride : Methanol = 9:1) 

iH-NMR(DMSO-d 6 )= 2.23(s,3H), 4.45(s,2H), 7.20-7.24(d,.H>, 7.43-7.61(m,5H), 
7 .94-7.9 8 (d,lH), 8.09(s,lH,, 8.50-8.53(d,lH), 9.02(s,lH), 9.28(s,lH), 10.27 (s,lH) 

Example 1 

N^^hloromethylhen^ylannno^-memylphenylH^-P^^ 
amine (Ig 2.33mmo» was drssolved in ,e.r*ydrofiuan <20,rt), pyridine (360A 
4 66mmot> was added .hereto, and the tntxtnre was stirred for 30 mtnute, 
N-ntethyihomopiperaztne (434* 3.49 m nro,) was added thereto, and the mixture waa 
refluxed for 12 horns and filtered. The filtrate was conc.nha.ed, subjected to column 
chromatography (eluem: chlo,oform:m..han„,-3T(v/v)), concentrated agatn, and .hen 
crystallized from dime.hyle.her to give 4.(4.me.h yl homopi P erazm-l-ylm..hyl)-N-[4- 
methyl-3-(4-(pyridin-3-yl)pyrimidin-2.yl)aminophenyl]benaamide(0.71g). 

R r « 0 41 (Chloroform : Methanol -1:1) 

'H-NMRtDMSO-drf- 1.73-1.76(m,2H), 2.3.(s,3H), 2.33(s,3H), 2.61-2.70(m,8H), 
3.69(ls,2H), 7.08(d,,H), 7.36-7. 5 6(m,7H), 7.93-7.97(d,2H), 8.29(S,1H), 8.58-8.76 (m,3H), 
9.37(s,lH), 10.17(s,lH) 



Example 2 
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^■Memylhomopiperazm^^ 
.^amtaophenyllb^amide (250mg, 0.429mmol) was di.so.ved m ethanol (10-), 
sulfonic acid (64 A 0.984mmol) was added, and the mixture was reacted a, room 
temperature for 16 hours. The resulting solid was filleted and washed with acetone., ogtve 
4^4-me.hylhomopiporazin-l-yta^^^^ 
aminophenyl]benzamide methanesulfonate (230mg). 

fc- 0.2 (Methylene chloride t Methanol : 25% Aqueous ammonia - 150 : 10 : 1) 
mp= 166-168°C 

'H-NMR(DMSO-ds)= 2.12(br,2H), 2.58(s,3H), 2.65(s,3H), 2. 8 0(s,3H), 3.37 
(m,4H), 3.62(m,4H), 4.33(s,2H), 7.05(d,,H), 7.16(s,3H), 7.4,.7.43(d,2H), 7.67-7.79 
(m,3H), 8.15(d,lH), 8.49(d,lH), 8.64(d,lH), 8.91(s,lH) 

Example 3 

N ., H 4-chlo ro m««hyIbenzoyl«m^^ 
amine (Ig 2.33mmol> was dissolved in retrahydrotaan (20«t>, pyridine (360A 
4.66mtnol) was added thereto, and the mixture was stirred for 30 — 
LAmmo^memylptpemzine (418* 3.49mmol) was added, and the mtxture was refluxed 
fc 12 hours and filtered. The filtrate was concentrated, subjected to column 
chromatography (e.uen.t ch 1 oroformtme,hano,-3 ; ,,v/v)), concent again, and then 
crystallized from dtmelhyleUter to give 4.(4. m e,hylpiperazin.l-ylaminom«.hy.)-N-[4. 
methyl-3-(4-(pyridi»-3-yl)pyrimidin-2-yl)arninophenyl]benzamid^ 
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R r = o 40 (Chloroform : Methanol = 1:1) 

'H-NMR(CDCl3)= 2.31(d,6H), 7.48(br,8H), 3.54(s,2H), 7.06-7.42^,8^, 7.79- 
7.83(d,2H), 8.07(s,lH), 8.46-8.68(m,4H), 9.20(m,lH) 



Example 4 

M 4-Methylpiperazin-l-ylaminomethy^ 
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.2-yl)aminophenyl]benzamide (95mg, 0.187mmol) was dissolved in ethanol (8H), 
methanesulfonic acid (24,1, 0.347mmol) was added thereto, and the mixture was reacted 
at room temperature for 16 hours. The resulting solid was filtered and washed wi* 
acetone to give M4-methylpiperazm-l-ylannnomethyl)-N44-methyl-3,(4-(pyndin-3- 
yl)pyrimidin-2-yl)aminophenyl]benzamide methanesulfonate (80mg). 

R f =0.2 (Methylene chloride : Methanol : 25% Aqueous ammonia=150: 10: 1) 

mp = 144-146 °C 

'H-NMR(D 2 0)= 1.79(s,3H), 2.67(s,3H), 2.78-2.8 l(m,8H), 3.22(s,3H), 3.67(s,2H), 
6.62(d,lH), 6.75-6.81(m,2H), 7.18-7.22(m,3H), 7.36-7.40(d,2H), 7.74 (s,lH), 7.86-7.89 
(d,lH),8.15-8.18(d,2H), 8.60(s,lH) 

Pre paration 3 

N-(4-methyl-3-nitrophenyl)-4-(3-pyT 1 dyl)-2-pyrimidine-amine (34g, O.llmol) and 
stannous chloride dihydrate (124.5g, 0.55mol) were dissolved in a solvent mixture of ethyl 
acetate and ethanol (300* 10/1 , v/v) and reacted under reflux for 26 hour, The reacUon 
mixture was cooled to room temperature, washed with 10% aqueous hydrochlonc add 
solution, concentrated, and subjected to column chromatography (chloroform/methanol= 
9/1, v/v) to gl ve N-(3-amino-4-methylpheny ^ ( 32 «>- 
Rf = o.48 (Methylene chloride : Methanol = 9:1) 

'H-NMR(DMS0-4)= 2.20( S ,3H), 4.8 1( s,2H), 6.8!-6.94<m,2H), 7.08(s,lH), 
7.40-7.43<d,lH), 7.54-7.61(m,lH), 8.48- 8 .55(m,2H), WLS^IH), 9.33-9.40 (d,lH) 

The starting material was prepared as follows. 



Step 3.1 

4-Methyl-3-nitroamline (90g, 0.592mol) was dissolved in ethanol (250.1) and 
65% aqueous nitric add solution (59g, 0.592mol) was added thereto. When the 
exothermic reaction is stopped, cyanamide (74.6g) dissolved in water in a concentration of 
50% was added. The brown mixture was reacted under reflux for 24 hours. The 
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t~A t„ n°r filtered and washed with diethylether to give 
reaction mixture was cooled to 0 C, filtered, anu w« 

4-methyl-3-nitrophenyl-guanidine nitrate (93g). 

R f = 0 1 (Methylene chloride : Methanol : 25% Aqueous ammonia =.150 : 10 : 1) 
•H-NMR(DMSO-d 6 )=2.50(s,3H),7.48-7.56(m,2H),7.86(s,lH) ) 8.11-8.15(d ) 2H) 

Step 3.2 

j-Dimeftylamino-l-O-pyridyD-Z-propen-l^ (20g, O.Hmol), 4.me,hyl-3-m.ro. 
phenyhguanidine nitrate (32g, 0.17**. and sod™ hydroxide (6.8g, 0.17mo„ were 
dissolved in isopropano,, and reacted nnder reflux for 28 hours. The reaction sohahon 
was coded to 0°C, filtered, washed with isopropanol, water and ethanol, and dried to grve 
N-(4-n,eth y l-3-nitrophenyl)-4-(3-pyridyl)-2-pyrimidine-an 1 ine(32g). 

R f = 0 76 (Methylene chloride : Methanol = 9:1) 

>H-NMR(DMSO-d 6 )= 2.43(s,3H), 7.44-747(d,lH), 7.6 1 -7.63<d,2H), 7.89-7.94 
(d,lH), 8.55-8.59(d,lH), 8.69-8.71(d,lH), 8.77-8.79(m,lH), 8.86(s,lH), 941 (s,lH) 

Pre paration 4 

N-(3-amino-4.me.hyl P henyl)-4-(3-pyridyl)-2-pyrimidine-amine (1 lg, 39.8mmol) 
was d,sso..ed in tetrahydrofuran (100,.*), tnethylamme (8.3* 59.5mmo,) was added 
hereto, and the mixture was stirred for 30 minn.es. 4-Chlorome.hyl benzoyl chlonde 
(2 03g 10 78mmol) was added, and the resulting mixture was reacted under reflux for 2 
hours The reaction mixture was filtered, and the filtrate was concentrated and crystallized 
from methylene chloride to gtve N^^-ehloromethytaoylaminoH-methylphenyl)- 
4_(3_pyridyl)-2-pyrimidine-amine (5.3g). 

R f = 0 86 (Methylene chloride : Methanol = 9:1) 

'H-NMRPMSO-tM- 2.23(s,3H). 4.89(s,2H), 7.23-7.27<d,lH), 7.52-7.66(m,5H), 
8.02-8.08(m,3H), 8.57-8.65(m,lH). 8.75-8.77(d,lH), 9.40(S,1H), 9.83(s,lH), 9.99(s,1H> 
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Example 5 

N _(5^hlorome*ylto 
amine (1.5g, 3.49mmoi) was dissolved in' tetrahydrofuran (30ml); pyridine .(560,^, . 
6 98mmol) was added, and the mixture was stirred for 30 minutes. N-methylhomo- 
piperazine (66M, 5.23mmol) was added thereto, and the resulting mixture was refluxed 
for 12 hours and then filtered. The filtrate was concentrated and crystallized from 
dimethylether to give 4K4-m e thylhomo P iperazin4-ylmemyl)-N-[2-methyl-5<4K P yridin- 
3-yl)pyrimidin-2-yl)aminophenyl]benzamide (1 .2g). 

R f = 0. 1 2 (Chloroform : Methanol = 1:1) 

>H-NMR(DMSO-d 6) = 1.98-2.03(m,2H), 2.33(s,3H), 2.47-2.99(m,8H), 3.15(s,3H), 
4.27(s,2H), 7.16-7.19(m,3H), 7.23-7.26(d,lH), 7.41-7.53(m,4H), 7.79-7.89(m,3H), 8.44- 
8.53(m,2H), 8.70-8.72(d,lH), 9.27(s,lH) 



Example 6 

4<4-Memylhomo P iperaz^ 
-2-yl)ammo P henyl]benzamide (1.2g, 2.29mmol) was dissolved in ethanol (18m£), 
methanesulfonic acid (149^,, 2.29mmol) was added, and the mrxture was reacted at room 
temperature for 18 hours. The resulting solid was filtered and washed with acetone to 
glve 4-(4-memylhomopiperazm-^^ 
2-yl)aminophenyl]benzamide methanesulfonate (1.03g). 

R f =0.2 (Methylene chloride : Methanol : 25% Aqueous ammonia= 150 : 10 : 1) 
mp = 168-170 °C 

>H-NMR(D 2 0)= 2.14(m,2H), 2.67(d,6H), 2.88(s,3H), 3.23-3.51(m,8H),. 3.70 
(s,2H), 7.25-7.34(m,3H), 7.46(s,lH), 7.57-7.90(m,6H), 8.70-8.74(m,lH), 8.98-9.01 (m,lH), 
9.24(s,lH) 
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Example 7 

N<5<4-chloromethylbenzoylamino)-4-methylphenyl)-4K3-pyridyl)-2-pyrimidine- 
amine (1.5g, 3.49mmol) was dissolved in tetrahydrofuran (30m*), pyridine (560 fit, 
6.98mmoi) was 'added, and the mixture was stirred for 30 minutes, l-Amino-4-.. 
methylpiperazine (580^, 5.23mmol) was added thereto, and the resulting mixture was 
refluxed for 12 hours and then filtered. The filtrate was concentrated and crystallized 
from dimethylether to give 4-(4-methyl P iperazin-l-ylaminomethyl)-N-[2-methyl-5-(4- 
(pyridin-3-yl)pyrimidin-2-yl)aminophenyl]benzamide (1 .7g). 

Rr = 0.39 (Chloroform : Methanol = 1:1) 

'H-NMR(DMSO-d 6 )= 2.22(d,6H), 2.53(m,8H), 3.42(s,2H), 7.21-7.26(m,lH), 
7.46-7.64(m,7H), 7.98-8.02(d,2H), 8.57-8.63(m,3H), 8.73-8.75(d,lH), 9.39(s,lH), 9.82- 
9.92(d,lH) 

Example 8 

4K4-Methylpiperazin-l-ylaminomethyl)-N-[2-methyl-5-(4-(pyridin-3-yl)pyrimidin 
-2-yDaminophenyllbenzamide (1.7g, 3.42mmol) was dissolved in ethanol (25mA), 
methanesulfonic add (222^, 3.42mmol) was added, and the mixture was reacted at room 
temperature for 18 hours. The resulting solid was filtered and washed with acetone to give 
4K4-methylpiperazin-l-ylaminomeW 
aminophenyl]benzamide methanesulfonate (1.43g). 

R f = 0.17 (Methylene chloride : Methanol : 25% Aqueous ammonia = 150 : 10 : 1) 
mp= 150-152 °C 

'H-NMR(D 2 0)= 2.12(s,3H), 2.66(d,6H), 2.92(s,3H), 3.59(m,8H), 4.46(s,2H), 
7.16-7.27(m,2H), 7.33-7.35(d,lH), 7.43(s,lH), 7.50-7.62(d,2H), 7.89-8.03(m,3H), 8.33- 
8.36(d,lH), 8.72-8.75(d,lH), 8.98-9.02(d,lH), 9.23(s,lH) 



Preparation 5 
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N-(4-nitrophenyl)-4-(3-pyridyl)-2-pyrimidine-amine was reacted according to the 
same procedure as Preparation 1 to give N-(4-aminophenyl)-4-(3-pyndyl)-2-pyrim 1 dine- 

amine (7.1g). 

5 R f = 0.5 (Chloroform : Methanol = 9:1) 

■ H -NMR(DMSO-d 6 )= 4.84(s,2H), 6.55-6.59(d,2H), 7.34-7.41 (t,3H), 7.54-7.61 

(m,lH), 8.44-8.50(m,2H), 8.70-8.73(m,lH), 9.27-9.3 l(m,2H) 
Step 5.1 

10 4-Nittoaniline (30g, 0.22mol) and cyanamide (water 50%) (27.4g, 0.33mol) were 

reacted according «o the same ptocednre as Step 12 of Preparation 1 to give 
4-nitrophenyl-guanidine nitrate (29.1 g). 

R f =0.1 (Methylene chlonde : Methanol: 25% Aqueous ammonia =150: 10: 1) 
15 " >H-NMR(DMSO-d 6 )= 7.46-7.50(d,2H), 7.90(br,4H), 8.28-8.32(d,2H) 

Step 5.2 

4-Nitrophenyl-guanidine nitrate (20g, O.OSmol) and 3-dimethylamino-l-(3- 
py ridyl)-2-propen-l-one (11.75g, 0.06mol) were reacted according to the same procedure 
20 as Step 1.3 of Preparation 1 to give N-(4-nitrophenyl)-4-(3-pyridyl)-2-pyrimid 1 ne-amme 

(9.38g). 

R f = 0.7 (Chloroform : Methanol = 9:1) 

'H-NMR(DMSO-d 6 )= 7.59-7.62(m,lH), 7.72(d,lH), 8.07-8.12(d,2H), 8.24-8.28 
25 (d,2H), 8.54-8.58(m,lH), 8.73-8.77(m,2H), 9.38(s,lH), 10.62(s,lH) 



Preparation 6 

4-(Chloromethyl)benzoylchloride (lOg, 53mmol) was reacted according to the 

same 



procedure as Preparation 2 to give N-(4-(4-chloromethylbenzoylamino)phenyl)- 



22 



4-(3 -pyridyl)-2-pyrimidine-amine ( 1 3 .2g). 



R f = 0.6 (Chloroform : Methanol = 9:1) 

'H-NMR(DMSO-d 6 )= 4.88(s,2H), 7.45-7.5 l(m ; 3H),- 7.55-7.64(m,lH), .7.71-7.73 ,. . 
(m,4H), 7.85-7.89(m,2H), 8.43-8.55(m,2H), 8.71(d,lH), 9.30(s,lH), 9.71(s,lH), 
10.03(s,lH) 

Example 9 

1-Methylhomopiperazine (3.45g, 30.2mmol) was reacted according to the same 
procedure as Example 1 to give 4-(4-methylhomopiperazin-l-ylmethyl)-N-[4-(4-(pyridin 
-3-yl)pyrimidin-2-yl)aminophenyl]benzamide (3 .7g). 

R, = 0.4 (Chloroform : Methanol = 1:1) 

'H-NMR(DMSO-d 6 )= 1.69-1.74(m,2H), 2.24(s,3H), 2.45-2.67(m,8H), 3.67(s,2H), 
7.43-7.50(m,3H), 7.56-7.63(m,lH), 7.74-7.77(m,4H), 7.89-7.93(m,2H), 8.49-8.61 (m,2H), 
8.73(d,lH), 9.34(s,lH),9.76(s,lH), 10.16(s,lH) 

Example 10 

Methanesulfonic acid (0.58g, 6mmol) was reacted according to the same 
procedure as Example 2 to give 4-(4-methylhomopiperazin-l-ylmethyl)-N-[4-(4-(pyridin- 
3-yl)pyrimidin-2-yl)aminophenyl]benzamide methanesulfonate (1 .47g). 

R f = 0.2 (Methylene chloride : Methanol : 25% Aqueous ammonia = 150 : 10 : 1) 
mp= 152-1 54 °C 

'H-NMR(D 2 0)= 1.69(m,2H), 2.67(s,3H), 2.81(s,3H), 3.05(m,2H), 3.28-3.44 
(m,6H), 3.96(s,2H), 6.93-6.96(m,lH), 7.16-7.38(m,7H), 7.60-7. 64(m,2H), 8.11-8.13 
(m,2H), 8.40(m,lH), 8.70(s,lH) 



Preparation 7 
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N-(3-nitrophenyl)-4-(3- P yndyl)-2-pyrimidine-amine (24g, O.OSmol) was reacted 
according to the same procedure as Preparation 1 to give N-(3-amino P henyl)-4-(3-pyridyl)- 
2-pyrimidine-amine (15. 5g). 

R, = 0.5 (Chloroform : Methanol = 9:1) 

'H-NMR(DMSO-d 6 )= 5.03(s,2H), 6.22-6.23(m,lH), 6.89-6.96(m,2H), 7.08(s,lH), 
7.45(d,lH), 7.55-7.62(m,lH), 8.49-8.58(m,2H), 8.72-8.74(m,lH), 9.34(s,lH), 9.47 (s,lH) 



10 



15 



20 
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Step 7.1 

3-Nitroaniline (42 g , 0.3mol) and cyanamide (water 50%) (38.4g, 0.46mol) were 
reacted according to the same procedure as Step 1.2 of Preparation 1 to give 
3-nitrophenyl-guanidine nitrate (33 .4g). 

R f = 0.1 (Methylene chloride : Methanol : 25% Aqueous ammonia = 150 : 10 : 1) 
'H-NMR(DMSO-d 6 )= 7.75-7.81(m,5H), 8.14-8.17(d,2H) 

Step 7.2 

3-Nhrophenyl-guanidme nitrate (28g, 0.12mol) and 3-dimethylamino-l-(3- 
py ridyl)-2-pr 0 pen-l-one (16.9g, 0.09mol) were reacted according to the same procedure as 
Step 1.3 of Preparation 1 to give N-(3-nitrophenyl)-4-(3-pyridyl)-2-pyrimidme-amine 

(18.4g). 

R f = 0.7 (Chloroform : Methanol = 9:1) 

'H-NMR(DMSO-d 6 )= 7.58-7.67(m,3H), 7.82-7.87(m,lH), 8.08-8. 12(m,lH), 8.56- 
8.60(m,lH), 8.71-8.78(m,2H), 9.11( S) 1H), 9.42-9.43(d,lH), 10.38(s,lH) 

Pre paration 8 

4-(Chloromethyl)benzoylchloride (10g, 53mmol) was reacted according to the 
same procedure as Preparation 2 to give N-[3-(4-chloromethylbenzoylamino)phenyl]-4- 
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(3-pyridyl)-2-pyrimidine-amine (1 5.34g). 

R f = 0.6 (Chloroform : Methanol = 9:1) 

' H -NMR(DMSO-d 6 )-4.88(s,2H), 7.33(br,2H), 7,53-7.64(m,5H), 7.99-8.03. (d,2H). 
8.48(s,lH), 8.62-8.75(m,2H),9.40(s,lH),9.85(s,lH), 10.32(s,lH) 

Example 1 1 • 

1-Methylhomopiperazine (1.08g, 9.5mmol) was reacted according to the same 
procedure as Example 1 to give 4-(4-methylhomopiperazin-l-ylmethyl)-N-[3-(4-(pyridin- 
3-yl)pyrimidin-2-yl)aminophenyl]benzamide(2.8g). 

R f = o.4 (Chloroform : Methanol = 1:1) 

'H-NMR(DMSO-d 6 )= 1.73-1.75(m,2H), 2.15(s,3H), 2.51-2.69(m,8H), 3.69(s,2H), 
7.31(s,2H), 7.46-7.61(m,6H), 7.93-7.96(d,2H), 8.46(s,lH), 8.66-8.75(m,2H), 9.40 (s.lH), 
9.82(s,lH), 10.24(s,lH) 

Example 12 

Methanesulfonic acid (0.24g, 2.5mmol) was reacted according to the same 
procedure as Example 2 to give 4-(4-methylhomopiperazin-l-ylmethyl)-N-[3-(4-(pyridin- 
3-yl)pyrimidin-2-yl)aminophenyl]benzamidemethanesulfonate(0.78g). 

R f = 0.2 (Methylene chloride : Methanol : 25% Aqueous ammonia = 150 : 10 : 1) 
mp = 206-208 °C 

'H-NMR(D 2 0)= 2.15-2.17(m,2H), 2.62(s,3H), 2.82(s,3H), 3.41-3.65(m,8H), 
4.40(s,2H), 7.12-7.15(m,lH), 7.17-7.29(m,3H), 7.51-7.54(m,2H), 7.78-7.93(m,4H), 
8.30-8.33(m,lH) ; 8.53(s,lH), 9.03(s,lH), 9.21(s,lH) 

Example 13 

l-Amino-4-methylpiperazine (lg, 8.7mmol) was reacted according to the same 
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procedure as Example 3 to give 4-(4-methylpiperazin-l-ylaminomethyl)-N-[3-(4-(pyridin- 
3-yl)pyrimidin-2-yl)aminophenyl]benzamide (1.7g). 

K f =0.4 (Chloroform : Methanol = 1 : 1) - - 

1 H-NMR(DMSO-d 6 )= 2.16(s,3H), 2.37-2.39(m,8H), 3.54(s,2H), 7.31(m,2H), 

7.44-7.54(m,6H), 7.92-7.96(m,2H), 8.45(br,lH), 8.61-8.74(m,3H), 9.36(s,lH), 9.81 (s,lH), 

10.23(s,lH) 

Example 14 

Methanesulfonic acid (48mg, 0.5mmol) was reacted according to the same 
procedure as Example 4 to give 4-(4-methylpiperazin-l-ylaminomethyl)-N-[3-(4-(pyridin- 
3-yl)pyrimidin-2-yl)aminophenyl]benzamide methanesulfonate (0.23g). 

R, = 0.2(Methylene chloride : Methanol : 25% Aqueous ammonia = 150 : 10 : 1) 
mp=148-150°C 

'H-NMR(D 2 0)= 2.68(s,3H), 2.89(s,3H), 3.42-3.51(m,8H), 4.36(s,2H), 7.10 
(m,2H), 7.32-7.38(m,3H), 7.54-7.57(d,2H), 7.86-7.93(m,3H), 8.00-8.08(m,lH), 8.46 
(d,lH), 8.75(d,lH), 9.07(d,lH), 9.32(s,lH) 

Preparation 9 

N-(2-methyl-4-nitrophenyl)-4-(3-pyridyl)-2-pyrimidine-amine (23g, 0.075mol) 
was reacted according to the same procedure as Preparation 1 to give N-(2-methyl-4- 
aminophenyl)-4-(3-pyridyl)-2-pyrimidine-amine(21g). 

R f = 0.5 (Chloroform : Methanol = 9:1) 

'H-NMR(DMSO-d 6 )= 2.08(s,3H), 4.97(s,2H), 6.40-6.46(m,2H), 7.01(d,lH), 
7.29(d,lH), 7.53-7.56(m,lH), 8.37-8.42(m,2H), 8.65-8.70(m,2H), 9.21(s,lH) 



Step 9.1 
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2-Methyl-4-nitroaniline (90g, 0.59mol) and cyanamide (water 50%) (74.6g, 
0.88mol) were reacted according to the same procedure as Step 1.2 of Preparation 1 to give 
2-methyl-4-nitrophenyl-guanidine nitrate (95g). 

R, = 0.1 (Methylene chloride : Methanol : 25% Aqueous ammonia = 150 : 10 : 1) 
'H-NMR(DMSO-d 6 )= 2.43(s,3H), 7.43-7.55(m,2H), 7.77(s,lH),.8.21-8.25(d,2H) 

Step 9.2 

2-Methyl-4-nitrophenyl-guanidine nitrate (26.3g, O.lmol) and 3-dimethylamino- 
l-(3-pyridyl)-2-propen-l-one (15g, 0.08mol) were reacted according to the same procedure 
as Step 1.3 of Preparation 1 to give N-(2-methyl-4-nitrophenyl)-4-(3-pyridyl)-2-pyrimidine 

-amine (15g). 

R,-= 0.7 (Chloroform : Methanol = 9:1) 

'H-NMR(DMSO-d 6 )= 2.44(s,3H), 7.58-7.66(m,2H), 8.16-8.19(m,3H), 8.48(d,lH), 
8.65-8.74(m,2H), 9.31-9.32(m,2H) 

Preparation 10 

4-(Chloromethyl)benzoylchloride (10g, 0.053mol) was reacted according to the 
same procedure as Preparation 2 to give N-(4-(4-chloromethylbenzoylamino)-2- 
methylphenyl)-4-(3-pyridyl)-2-pyrimidine-amine (7g). 

R f = 0.6 (Chloroform : Methanol = 9:1) 

'H-NMR(DMSO-d 6 )= 2.44(s,3H), 5.04(s,2H), 7.58-7.86(m,7H), 8.15(d,2H), 8.57 
(d,lH), 8.61(d,lH), 8.69(d,lH), 8.88(s,lH), 9.43(s,lH), 10.43(s,lH) 

Example 15 

1-Methylhomopiperazine (lg, 9.5mmol) was reacted according to the same 
procedure as Example 1 to give 4-(4-methylhomopiperazin-l-ylmethyl)-N-[3-methyl-4- 
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(4-(pyridin-3-yl)pyrimidin-2-yl)aminophenyl]benzamide (2.3 lg). 

r,.= 0.4 (Chloroform : Methanol = 1:1) 
- ' 'H-NHR(DMSO-d 6 )= 1.81-1.84(m,2H), 2.25(s,3H), 2.45(s,3H), 2.67-2.84(m,8H), 
3.71(s,2H), 7.40-7.92(m,7H), 7.93-7.96(d,2H), 8.48-8.5 l(m,2H), 8.69(d,lH), 8.98 (s.lH), 
9.25(s,lH), 10.19(s,lH) 

Example 16 

Methanesulfonic acid (0.24g, 2.5mmol) was reacted according to the same 
procedure as Example 2 to give 4-(4-methylhomopiperazin-l-ylmethyl)-N-[3-methyl-4- 
(4-(pyridin-3-yl)pyrimidin-2-yl)aminophenyl]benzamidemethanesulfonate (0.63g). 

R f = 0.2 (Methylene chloride : Methanol : 25% Aqueous ammonia = 150 : 10 : 1) 
mp = 166-168 °C 

'H-NMR(D 2 0)= 1.97(s,3H), 2.10-2.17(m,2H), 2.68(s,3H), 2.79(s,3H), 2.95 
(m,2H), 3.17(m,2H), 3.33-3.38(m,4H), 3.86(s,2H), 6.85(d,lH), 7.10(m,2H), 7.23- 
7.32(m,4H), 7.55(d,2H), 8.03-8.06(m,2H), 8.37(d,lH), 8.63(s,lH) 



Example 17 

l-Amino-4-methylpiperazine (lg, 9mmol) was reacted according to the same 
procedure as Example 3 to give 4-(4-methylpiperazin-l-ylaminomethyl)-N-[3-methyl-4- 
(4-(pyridin-3-yl)pyrimidin-2-yl)aminophenyl]benzamide (1.2g). 

R f = 0.4 (Chloroform : Methanol = 1:1) 

, H-NMR(DMSO-d 6 )= 2.15(s,3H), 2.25(s,3H), 2.36(m,8H), 3.53(s,2H), 7.40-7.68 
(m,7H), 7.91-7.95(m,3H), 8.39-8.60(m,2H), 8.69-8.71(m,lH), 8.98(s,lH), 9.26 (s,lH), 
10.18(s,lH) 



Example 18 
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Methanesulfonic acid (48mg, 0.5mmol) was reacted according to the same 
procedure as Example 4 to give 4-(4-methylpiperazin-l-ylaminomethyl)-N-[3-methyl-4- 
(4-(pyridin-3-yl)pyrimidin-2-yl)aminophenyl]benzamide methanesulfonate (0.1 7g). 

R f = 0.2 (Methylene chloride : Methanol : 25% Aqueous ammonia = 150 : 10 : 1) 
mp= 172-1 74 °C 

'H-NMR(D 2 0)= 1.19(s,3H), 2.65(s,3H), 2.67(s,3H), 2.85-2.88(m,4H), 3.01- 
3.11(m,4H), 3.45(s,2H), 6.77(d,lH), 6.98-7.27(m,6H), 7.43(d,2H), 7.95(m,lH), 7.99(d,lH), 
8.21-8.24(m,lH), 8.54(s,lH) 

Preparation 1 1 

N-(2-methoxy-5-nitrophenyl)-4-(3-pyridyl)-2-pyrimidine-amine (22g, 0.068mol) 
was reacted according to the same procedure as Preparation 1 to give N-(2-methoxy-5- 
aminophenyl)-4-(3-pyridyl)-2-pyrimidine-amine(10g). 

R f = 0.5 (Chloroform : Methanol = 9:1) 

'H-NMR(DMSO-d 6 )= 3.74(s,3H), 4.75(s,2H), 6.24-6.28(m,lH), 6.75-6.80(m,lH), 
7.48-7.60(m,3H), 8.01(s,lH), 8.50-8.58(m,2H), 8.72-8.74(m,lH), 9.34(s,lH) 

Step 11.1 

2-Methoxy-5-nitroaniline (90g, 0.535mol) and cyanamide (water 50%) (67.5g, 
0.803mol) were reacted according to the same procedure as Step 1.2 of Preparation 1 to 
give 2-methoxy-5-nitrophenyl-guanidine nitrate (74g). 

R f = 0.1 (Methylene chloride : Methanol : 25% Aqueous ammonia = 150 : 10 : 1) 
1 H-NMR(DMSO-d 6 )= 3.97(s,3H), 7.35-7.45(m,4H), 8.13(m,lH), 8.24-8.30(m,lH) 



Step 11.2 

2-Methoxy-5-nitrophenyl-guanidine nitrate (31g, 0.113mol) and 3-dimethylamii 
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1- (3-pyridyl)-2-propen-l-one (20g, O.lBmol) were reacted according to the same 
procedure as Step 1.3 of Preparation 1 to give N-(2-methoxy-5-nitrophenyl)-4-(3-pyridyl)- 

2- pyrimidine-amine (23g). 

R f = 0.7 (Chloroform : Methanol = 9:1) 

'H-NMR(DMSO-d 6 )= 4.03(s,3H), 5.25(s,lH), 7.24(d,lH), 7.29(d,lH), 
7.55-7.67(m,3H), 7.94-8.00(m,lH), 8.54(m,lH), 8.58-8.76(m,lH), 9.38(s,lH) 

Preparation 12 

4-(Chloromethyl)benzoylchloride (4.6g, 0.053mol) was reacted according to the 
same procedure as Preparation 2 to give N-[5-(4-chloromethylbenzoylamino)-2-methoxy- 
phenyl]-4-(3-pyridyl)-2-pyrimidine-amine(4.4g). 

R r = 0.6 (Chloroform : Methanol = 9:1) 

'H-NMR(DMSO-d 6 )= 3.87(s,3H), 4.87(s,2H), 7.07(d,lH), 7.36-7.41(m,lH), 
7.52-7.63(m,4H), 7.99(d,2H), 8.31(s,lH), 8.58-8.78(m,4H), 9.39(s,lH), 10.25 (s,lH) 

Example 19 

1-Methylhomopiperazine (1.05m*. 8.42mmol) was reacted according to the same 
procedure as Example 1 to give 4-(4-methylhomopiperazin-l-ylmethyl)-N-[4-methoxy-3- 
(4-(pyridin-3-yl)pyrimidin-2-yl)aminophenyl]benzamide (1 . 1 g). 

R f = 0.2 (Chloroform : Methanol = 1:1) 

'H-NMR(DMSO-d 6 )= 1.74-1.83(m,2H), 2.30(s,3H), 2.66-2.74(m,8H), 3.69(s,2H), 
3.87(s,3H), 7.07(d,lH), 7.35-7.56(m,5H), 7.94(d,2H), 8.29(s,lH), 8.58-8.76 (m,4H), 
9.38(s,lH), 10.17(s,lH) 



Example 20 

Methanesulfonic acid (0.18g, 1.91mmol) was reacted according to the same 
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procedure as Example 2 to give 4-(4-methylhomopiperazin-l-ylmethyl)-N-[4-methoxy- 
3-(4-(pyridin-3-yl)pyrimidin-2-yl)aminophenyl]benzamide methanesulfonate (0.3g). 

R, = 0.5 (Methylene chloride : Ethyl acetate : Methanol : 25% Aqueous ammonia. 
= 60: 10:30: 1) 

mp = 140-142 °C 

'H-NMR(D 2 0)= 2.20(br,2H), 2.66(s,3H), 2.88(s,3H), 3.49(m,8H), 3.71(s,3H), 
4.42(s,2H), 6.49(s,2H), 6.87-6.89(m,lH), 7.48-7.52(m,2H), 7.63-7.67(m,3H), 7.88- 
7.90(m,lH), 8.21(s,lH), 8.45(m,lH), 8.71(m,lH), 8.91(s,lH) 

Example 21 

N-[5-(4-chloromethylbenzoylamino)-2-methoxy-phenyl]-4-(3-pyridyl)-2- 
pyrimidine-amine (1.4g, 3.14mmol) and l-amino-4-methylpiperazine (0.94mA, 7.86 mmol) 
were reacted according to the same procedure as Example 3 to give 4-(4-methylpiperazin 
-l-ylaminomethyl)-N-[4-methoxy-3-(4-(pyridin-3-yl)pyrimidin-2-yl)aminophenyl]benz- 

amide (0.1 2g). 

R, = 0.2 (Chloroform : Methanol =1:1) 

'H-NMR(DMSO-d 6 )= 2.67(s,3H), 2.85-2.88(m,8H), 3.66(s,2H), 3.96(s,3H), 
6.89-6.93(d,2H), 7.19(d,lH), 7.34-7.46(m,4H), 7.85-7.94(m,4H), 8.54-8.59(m,lH), 
8.71-8.73(m,lH), 8.91(s,lH), 9.28(s,lH) 

Example 22 

Methanesulfonic acid (0.24g, 2.5mmol) was reacted according to the same 
procedure as Example 4 to give 4-(4-methylpiperazin-l-ylaminomethyl)-N-[4-methoxy-3- 
(4-(pyridin-3-yl)pyrimidin-2-yl)aminophenyl]benzamide methanesulfonate (0.67g). 

R, = 0.5 (Methylene chloride : Ethyl acetate : Methanol : 25% Aqueous ammonia 
= 60:10:30:1) 
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mp = 142-144 °C 

'H-NMR(D 2 0)= 2.69(s,3H), 2.93(s,3H), 3.38-3.51(m,8H), 3.62(s,3H), 4.40 (s,2H), 
6.69(br,2H), 7.09-7. 12(m,lH), 7.54-7.57(m,2H), 7.75-7.88(m,3H), 8.12- 8.14(m,lH), 
8:30(s,-lH), 8.6!-8.63(m,lH), 8.93-S.96(m,lH), 9.12(s,lH) • 

Preparation 13 

N-(4-fluoro-3-nitrophenyl)-4-(3-pyridyl)-2-pyrimidine-amine (22g, 0.068mol) was 
reacted according to the same procedure as Preparation 1 to give N-(4-fluoro-3- 
aminophenyl)-4-(3 -pyridyl)-2-pyrimidine-amine ( 1 4g). 

R f = 0.5 (Chloroform : Methanol = 9:1) 

'H-NMRCDMSO-d^ 5.12(s,2H), 6.91(d,2H), 7.22(d,lH), 7.43(d,lH), 7.54-7.61 
(m,lH), 8.48-8.56(m,2H), 8.70-8.73(m,lH), 9.32(s,lH), 9.51(s,lH) 

Step 13.1 

4-Fluoro-3-nitroaniline (lOOg, 0.64mol) and cyanamide (water 50%) (80.8g, 
0.96mol) were reacted according to the same procedure as Step 1.2 of Preparation 1 to give 
4-fluoro-3-nitrophenyl-guanidine nitrate (74g). 

R, = 0.1 (Methylene chloride : Methanol : 25% Aqueous ammonia = 150 : 10 : 1) 
'H-NMR(DMSO-d 6 )= 7.64-7.83(m,6H), 8.06-8. 10(m,lH) 

Step 13.2 

4-Fluoro-3-nitrophenyl-guanidine nitrate (40g, 0.153mol) and 3-dimethylamino-l- 
(3-pyridyl)-2-propen-l-one (27g, 0.153mol) were reacted according to the same procedure 
as Step 1.3 of Preparation 1 to give N-(4-fluoro-3-nitrophenyl)-4-(3-pyridyl)-2-pyrimidine- 
amine (30g). 



R f =0.7 (Chloroform : Methanol = 9:1) 
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1 H-NMR(DMS0-d6)= 7.23(d,lH), 7.51-7.63(m,3H), 7.78-7.99(m,lH), 8.52-8.73 
(m,3H) 5 9.41(s ? lH),10.28(s,lH) 

Preparation 14 

5 4-(Chloromethyl)benzoylchloride (4.6g, 0.053mol) was reacted according to the 

same procedure as Preparation 2 to give N-[3-(4-chloromethylbenzoylamino)-4-fluoro- 
phenyl)-4-(3-pyridyl)-2-pyrimidine-amine (3.5g). 

R f = 0.6 (Chloroform : Methanol -9:1) 
10 1 H-NMR(DMSO-d6)= 4.48(s,2H), 7.28(br,2H), 7.53-7.65(m,4H), 8.01 (d,2H), 

8.21-8.25(m,lH), 8.61-8.63(m,2H), 8.73(d,lH), 9.37(s,lH), 9.91(s,lH), 10.21 (s,lH) 

Example 23 

1-Methylhomopiperazine (0.66g, 5.77mmol) was reacted according to the same 
15 procedure as Example 1 to give 4-(4-methylhomopiperazin-l-ylmethyl)-N-[2-fluoro-5-(4- 
(pyridin-3-yl)pyrimidin-2-yl)aminophenyl]benzamide (1 .02g). 

R f = 0.2 (Chloroform : Methanol = 1:1) 

1 H-NMR(DMSO-d 6 )= 1.70-1.78(m,2H), 2.26(s,3H), 2.51-2.69(m,8H), 3.69(s,2H), 
20 7.27-7.32(m,lH), 7.51-7.68(m 5 6H), 7.96-8.00(m,lH), 8.59-8.75(m,2H), 9.37(s,lH), 
9.91(s,lH), 10.12(s,lH) 

Example 24 

Methanesulfonic acid (50mg, 0.52mmol) was reacted according to the same 
25 procedure as Example 2 to give 4-(4-methylhomopiperazin-l-ylmethyl)-N-[2-fluoro-5-(4- 
(pyridin-3-yl)pyrimidin-2-yl)aminophenyl]benzamide methanesulfonate (0.21g). 

R f = 0.5 (Methylene chloride : Ethyl acetate : Methanol : 25% Aqueous ammonia 
= 60: 10:30: 1) 
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mp= 125-1 27 °C 

"H-NMR(D 2 0)= 1.91(m,2H), 2.67(s,3H), 2.76(s,3H), 2.97(m,4H), 3.28(m,4H), 
3.69(s,2H), 6.55-6.64(m,3H), 6.81-6.85(m,lH), 7.18-7.23(d,2H), 7.41-7.46(d,2H), 
7.61(m,lH), 7.72-7.75(m,2H), 7.91(m,lH), 8.31(s,lH) 

Example 25 

1-Methylpiperazine (0.58g, 5.77mmol) and N-[4-fluoro-3-(4-chloromethylbenzoyl 
amino)-phenyl]-4-(3-pyridyl)-2-pyrimidine-amine (lg, 2.31mmol) were reacted according 
to the same procedure as Example 1 to give 4-(4-methylpiperazin-l-ylmethyl)-N- 
[2-fluoro-5-(4-(pyridin-3-yl)pyrimidin-2-yl)aminophenyl]benzamide(l.lg). 

R t = 0.2 (Chloroform : Methanol = 1:1) 

'H-NMR(DMSO-d 6 )= 2.28(s,3H), 2.51(s,8H), 3.57(s,2H), 7.27-7.31(m,lH), 
7.45-7.67(m,5H), 7.97-8.01(d,2H), 8.17(m,lH), 8.56-8.74(m,3H), 9.36(s,lH), 9.90 (s,lH), 
10.14(s,lH) 

Example 26 

Methanesulfonic acid (0.58g, 6mmol) was reacted according to the same 
procedure as Example 2 to give 4-(4-methylpiperazin-l-ylmethyl)-N-[2-fluoro-5-(4- 
pyridin-3-yl)pyrimidin-2-yl)aminophenyl]benzamide methanesulfonate (1 .53g). 

R f = 0.5 (Methylene chloride : Ethyl acetate : Methanol : 25% Aqueous ammonia 
= 60: 10:30: 1) 

mp= 174-176 °C 

'H-NMR(D 2 0)= 2.67(s,3H), 2.76(s,3H), 2.82(m,4H), 3.22(m,4H), 3.70(s,2H), 
6.64-6.77(m,3H), 7.27-7.31(m,3H), 7.51(d,2H), 7.63(d,lH), 7.86(d,lH), 8.18 (d ; 2H), 
8.58(s,lH) 



Example 27 
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l-Amino-4-methylpiperazine (0.66g, 5.77mol) and N-[4-fluoro-3-(4-chloromethyl 
benzoylamino)-phenyl]-4-(3-pyridyl)-2-pyrimidine-amine (lg, 2.31mmol) were reacted 
according to the same procedure as Example 3 to give 4-(4-methylpiperazin-l- 
ylaminomethyl)-N-[2-fluoro-5-(4-(pyi-idin-3-yl)pyrimidin-2-yl)aminophenyl]benzamide 

(0.63g). 

R f = 0.2 (Chloroform : Methanol = 1:1) 

'H-NMR(DMSO-d 6 )= 2.15(s,3H), 2.37-2.41(m,8H), 3.55(s,2H), 7.27(m,lH), 

7.45-7.67(m,6H), 7.95(d,2H), 8.21(m,lH), 8.55-8.74(m,3H), 9.36(s,lH), 9.90 (s,lH), 
10.12(s,lH) 

Example 28 

Methanesulfonic acid (0.1 8g, 1.91mmol) was reacted according to the same 
procedure as Example 4 to give 4-(4-methylpiperazin-l-ylaminomethyl)-N-[2-fluoro-5-(4- 
(pyridin-3-yl)pyrimidin-2-yl)aminophenyl]benzamide methanesulfonate (0.27g). 

R f = 0.5 (Methylene chloride : Ethyl acetate : Methanol : 25% Aqueous ammonia 
= 60:10:30:1) 

mp = 142-144 °C 

'H-NMR(D 2 0)= 2.67(s,3H), 2.83(s,3H), 3.17-3.37(m,8H), 4.06(s,2H), 6.95-7.01 
(m,2H), 7.1l(d,lH), 7.45(d,2H), 7.74-7.79(m,3H), 7.87-7.91(m,lH), 8.21 (d,lH), 8.55 
(d,lH), 8.73(d,lH), 9.05(s,lH) 

Example 29 

l-Amino-4-methylpiperazine (lg, 8.7mmol) was reacted according to the same 
procedure as Example 3 to give 4-(4-methylpiperazin-l-ylaminomethyl)-N-[4-(4-(pyridin- 
3-yl)pyrimidin-2-yl)aminophenyl]benzamide (1 .23g). 

Rr = 0.4 (Chloroform : Methanol = 1:1) 
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'H-NMR(DMSO-d 6 )= 2.27(s,3H), 2.39-2.57(m,8H), 3.91 (s,2H), 7.47-7.53(m,4H), 
7.56-7.66(m,lH), 7.77-7.88(m,4H), 7.91-7.93(m,2H), 8.50-8.61(m,2H), 8.80(d,lH), 
9.35(s,lH), 9.79(s,lH), 10.17(s,lH) 



Example 30 

Methanesulfonic acid (48mg, 0.5mmol) was reacted according to the same 
procedure as Example 4 to give 4-(4-methylpiperazin-l-ylaminomethyl)-N-[4-(4-(pyridin- 
3-yl)pyrimidin-2-yl)aminophenyl]benzamide methanesulfonate (0.1 7g). 

R r = 0.2 (Methylene chloride : Ethyl acetate : Methanol : 25% Aqueous 
ammonia = 60 : 10 : 30 : 1) 
mp= 151-153 °C 

'H-NMR(D 2 0)= 2.71(s,3H), 2.81(s,3H), 3.21-3.23(m,4H), 3.31-3.41(m,4H), 
3.99(s,2H), 6.91-6.94(m,lH), 7.11-7.31(m,7H), 7.60-7.63(m,2H), 8.13-8.17(m,2H), 
8.43(m,lH), 8.73(s,lH) 

Example 31 

1-Methylpiperazine (1.2m£, 10.38mmol) was reacted according to the same 
procedure as Example 3 to give 4-(4-methylpiperazin-l-ylmethyl)-N-[4-fluoro-3-(4- 
(pyridin-3-yl)pyrimidin-2-yl)aminophenyl]benzamide (1.3g). 

R f = 0.2 (Chloroform : Methanol = 1:1) 

1 H-NMR(MeOD)= 2.67(m,8H), 3.03(s,3H), 3.69(s,2H), 7.16-7.21(m,2H), 
7.43-7.59(m,4H), 7.93-7.97(d,2H), 8.53-8.56(d,lH), 8.63-8.69(m,3H), 9.31(s,lH) 

Example 32 

Methanesulfonic acid (\S6fd, 2.87mmol) was reacted according to the same 
procedure as Example 4 to give 4-(4-methylpiperazin-l-ylmethyl)-N-[4-fluoro-3-(4- 
(pyridin-3-yl)pyrimidin-2-yl)aminophenyl]benzamide methanesulfonate (790mg). 
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R r = 0.21 (Methylene chloride : Ethyl acetate : Methanol : 25% Aqueous ammonia 
= 60:10:30:1) 

' mp = 172-174 °C 

'H-NMR(D 2 0)= 2.70(s,3H), 2.87(s,3H), 3.12(m,4H), 3.38(m,4H), 3.96(s,2H), 
6.46(br,lH), 6.58-6.69(m,lH), 6.83-6.86(d,lH), 7.29-7.43(m,5H), 7.88-7.90(d,lH), 
8.10-8.13(m,lH), 8.23-8.25(d,lH), 8.40-8.44(d,lH), 8.72(s,lH) 

Example 33 

1-Methylhomopiperazine (\.3ml, 10.38mmol) was reacted according to the same 
procedure as Example 1 to give 4-(4-methylhomopiperazin-l-ylmethyl)-N-[4-fluoro-3-(4- 
(pyridin-3-yl)pyrimidin-2-yl)aminophenyl]benzamide (580mg). 

R f = 0.1 (Chloroform : Methanol = 1:1) 

1 H-NMR(MeOD)= 1.96-2.00(m,2H), 2.70(s,3H), 2.76-2.87(m,4H), 3.06-3.19 
(m,4H), 3.78(s,2H), 7.18(m,lH), 7.43-7.46(m,lH), 7.52-7.59(m,4H), 7.92-7.96 (d,2H), 
8.54-8.56(d,lH), 8.63-8.70(m,3H), 9.32(s,lH) 

Example 34 

Methanesulfonic acid (75.3/4*. 1.16mmol) was reacted according to the same 
procedure as Example 2 to give 4-(4-methylhomopiperazin-l-ylmethyl)-N-[4-fluoro-3-(4- 
(pyridin-3-yl)pyrimidin-2-yl)aminophenyl]benzamidemethanesulfonate (790mg). 

R f = 0.13 (Methylene chloride : Ethyl acetate : Methanol : 25% Aqueous 
ammonia = 60: 10: 30:1) 
mp= 158-160 °C 

•H-NMR(D 2 0)= 2.18(br,2H), 2.67(s,3H), 2.88(s,3H), 3.38-3.45(m,4H), 3.65- 
3.71(m,4H), 4.34(s,2H), 6.56(m,lH), 6.74-6.84(m,lH), 6.89-6.92(d,lH), 7.21-7.28 (m,lH), 
7.42-7.46(d,2H), 7.56-7.60(d,2H), 7.67-8.00(d,lH), 8.18-8.30(m,3H), 8.71 (s,lH) 
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Example 35 

Piperidine (1.5g, 17.6mmol) was reacted according to the same procedure as 
• Example 1 to give 4-(piperidin-l-ylmethyl)-N-[3-(4-(pyiidin-3-yl)pyrimidin-2-yl)amino- 

phenyl]benzamide (2.2g). 

R,-= 0.43 (Chloroform : Methanol =1:1) 

'H-NMR(DMSO-d 6 )= 2.17(s,3H), 2.53-2.81(m,10H), 3.71(s,2H), 7.33(s,2H), 
7.51-7.63(m,6H), 7.95-7.99(d,2H), 8.47(s,lH), 8.49-8.77(m,2H), 9.43(s,lH), 9.89(s,lH), 
10.19(s,lH) 

Example 36 

Methanesulfonic acid (0.248g, 2.5mmol) was reacted according to the same 
procedure as Example 2 to give 4-(piperidin-l-ylmethyl)-N-[3-(4-(pyridin-3-yl)pyrimidin- 
2-yl)aminophenyl]benzamide methanesulfonate (0.83g). 

R f = 0.2 (Methylene chloride : Methanol : 25% Aqueous ammonia = 150 : 10 : 1) 
mp = 173-175 °C 

'H-NMR(D 2 0)= 2.63(s,3H), 2.81(s,3H), 3.41-3.53(m,4H), 3.61-3.69(m,6H), 
4.31(s,2H), 7.11-7.15(m,lH), 7.21-7.31(m,3H), 7.53-7.57(m,2H), 7.81-7.95(m,4H), 
8.33-8.37(m,lH), 8.55(s,lH), 9.07(s,lH), 9.22(s,lH) 

Example 37 

Acetic acid (0.58g, 9.2mmol) was reacted according to the same procedure as 
Example 2 to give 4-(4-methylhomopiperazin-l-ylmethyl)-N-[4-(4-(pyridin-3-yl) 
pyrimidin-2-yl)aminophenyl]benzamide acetate (1.53g). 

R f = 0.2 (Methylene chloride : Methanol : 25% Aqueous ammonia = 150 : 10 : 1) 
mp= 197-199 
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'H-NMR(D 2 0)= 1.68(m,2H), 2.53(s,3H), 2.67(s,3H), 3.01-3.06(m,2H), 
3.33-3.47(m,6H), 3.99(s,2H), 6.95-6.99(m,lH), 7.16-7.37(m,7H), 7.61-7.65(m,2H), 
8.11-8.15(m,2H), 8.41(m,lH), 8.69(s,lH) 

Example 38 

Acetic acid (0.24g, 3.8mmol) was reacted according to the same procedure as 
Example 2 to give 4-(4-methylhomopiperazin-l-ylmethyl)-N-[4-methyl-3-(4-(pyridin-3- 
yl)pyrimidin-2-yl)aminophenyl]benzamide acetate (0.61g). 

R f = 0.2 (Methylene chloride : Methanol : 25% Aqueous ammonia = 150 : 10 : 1) 
mp = 165-167 °C 

'H-NMR(D 2 0)= 2.07(s,2H), 2.58(s,3H), 2.61(s,3H), 2.77(s,3H), 3.41(m,4H), 
3.63(m,4H), 4.41(s,2H), 7.01(d,lH), 7.17(s,3H), 7.38-7.41(d,2H), 7.63-7.75 (m,3H), 
8.20(d,lH), 8.47(d,lH), 8.61(d,lH), 8.93(s,lH) 

Example 39 

Acetic acid (0.18g, 2.8mmol) was reacted according to the same procedure as 
Example 4 to give 4-(4-methylpiperazin-l-ylaminomethyl)-N-[4-methyl-3-(4-(pyridin-3- 
yl)pyrimidin-2-yl)aminophenyl]benzamide acetate (0.3 lg). 

R f = 0.2 (Methylene chloride : Methanol : 25% Aqueous ammonia = 150 : 10 : 1) 
mp = 153-155 °C 

'H-NMR(D 2 0)= 1.37(s,3H), 2.53(s,3H), 2.67(s,3H), 2.83-2.88(m,4H), 2.97- 
3.11(m,4H), 3.43(s,2H), 6.79(d,lH), 6.99-7.27(m,6H), 7.41(d,2H), 7.99(m,lH), 8.02(d,lH), 
8.22-8.27(m,lH),8.57(s,lH) 

Example 40 

Acetic acid (0.3g, 4.7mmol) was reacted according to the same procedure as 
Example 4 to give 4-(4-methylpiperazin-l-ylaminomethyl)-N-[4-(4-(pyridin-3-yl) 
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pyrimidin-2-yl)aminophenyl]benzamide acetate (0.57g). 

R f = 0.2 (Methylene chloride : Methanol : 25% Aqueous ammonia = 150 : 1 0 : 1) 

" mp= 169-171 °C • • • ' ~ 

'H-NMR(D 2 0)= 2.65(s,3H), 2.78(s,3H), 3.20-3.25(m,4H), 3.30-3.43(m,4H), 
4.00(s,2H), 6.87-6.95(m,lH), 7.11-7.38(m,7H), 7.61-7.65(m,2H), 8.15-8.19(m,2H), 
8.43(m,lH), 8.81(s,lH) 

Example 41 

Hydrochloric acid (2.2g, 60.2mmol) was reacted according to the same procedure 
as Example 2 to give 4-(4-methylhomopiperazin-l-ylmethyl)-N-[4-(4-(pyridin-3-yl) 
pyrimidin-2-yl)aminophenyl]benzamide hydrochloride (0.83g). 

R f = 0.2 (Methylene chloride : Methanol : 25% Aqueous ammonia = 150 : 10 : 1) 
mp = 197-199 °C 

'H-NMR(D 2 0)= 1.77(m,2H), 2.43(s,3H), 3.00-3.07(m,2H), 3.31-3.43(m,6H), 
4.01(s,2H), 7.03-7. 15(m,lH), 7.19-7.33(m,7H), 7.71-7.83(m,2H), 8.15-8.1 8(m,2H), 
8.41(m,lH), 8.71(s,lH) 

Example 42 

Hydrochloric acid (1.3g, 35.6mmol) was reacted according to the same procedure 
as Example 4 to give 4-(4-methylpiperazin-l-ylaminomethyl)-N-[4-methyl-3-(4-(pyridin- 
3-yl)pyrimidin-2-yl)aminophenyl]benzamide hydrochloride (0.2 lg). 

R, = 0.2 (Methylene chloride : Methanol : 25% Aqueous ammonia = 150 : 10 : 1) 
mp = 173-175 °C 

'H-NMR(D 2 0)= 1.77(s,3H), 2.55(s,3H), 2.85-2.93(m,4H), 2.97-3.1 l(m,4H), 
3.51(s,2H), 6.81(d,lH), 7.00-7.25(m,6H), 7.43(d,2H), 8.00(m,lH), 8.05(d,lH), 8.25-8.33 
(m,lH), 8.63(s,lH) 
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Example 43 

Hydrochloric acid (2.5g, 68.4mmol) was reacted according to the same procedure 
as Example' 4 to give 4-(4-methylpiperazin-l-ylaminomethyl)-N-[4-(4-(pyridin-3>yl) 
5 pyrimidin-2-yl)aminophenyl]benzamide hydrochloride (0.43g). 

R f = 0.2 (Methylene chloride : Methanol : 25% Aqueous ammonia = 150 : 10 : 1) 
mp = 183-185 °C 

] H-NMR(D 2 0)= 2.67(s,3H), 3.21-3.30(m,4H), 3.33-3.47(m,4H), 4.07(s,2H), 
10 6.85-6.95(m,lH), 7.13-7.47(m,7H), 7.63-7.68(m,2H), 8.1 7-8.2 l(m,2H), 8.47(m,lH), 
8.88(s,lH) 

Experiment 1 

In the present experiment, the inhibitory activity of the compound of formula (1) 
15 was determined against the growth of K562 cancer cell. First, the cells were allowed to 
stand in RPMI (Roswell Park Memorial Institute)- 1640 medium containing 10% (v/v) fetal 
bovine serum in an incubator of 37°C and 5% by volume of C0 2 . The cancer cells (1000 
cells) were transferred to a 96-well plate, and the test compound was diluted. The plate was 
allowed to stand under the above mentioned conditions for 2 days. After this treatment, to 
20 the cells was added 0.2% MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium 
bromide) solution, and the resulting mixture was allowed to stand under the constant 
temperature-condition for 4 hours. The supernatant was removed to leave the resulting 
crystal. DMSO was added to dissolve the crystal, and the absorbance of the solution was 
measured at 540nm. IC 50 value was calculated using a computer system according to the 
25 following formula: 

(OD 5 4o(test)-OD54o(initial)/OD54o(control)-OD 5 4o(initial)) x 100 



In the above formula, the IC 5 o value is defined as the concentration of the active compound 
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when the number of cells per well at the end of constant temperature-treatment is 50% of 
the number of cells in the control medium. 

The iC 50 values [fig/ml} in the following Table 1 were obtained for- the example 

5 compounds according to the present invention. 



Table 1 



Example No. 


ICsn lUKMl 


imauniD mcbyidic 


0.54 


2 


1.20 


4 


O.10 


6 


20.51 


8 


27.58 


10 


3.85 


12 


10.21 


14 


8.95 


16 


>50.0 


20 


34.7 


22 


10.0 


24 


19.05 


28 


8.63 


30 


22.81 


32 


8.06 


34 


7.17 


36 


11.32 


r 41 ■ 


5.61 


42 


0.30 


43 


>50.0 



As can be seen in the above Table 1, the existing drug of Imatinib mesylate 
'10 showed an IC 50 value of 0.54/zg/m* against the CML cell line, K562, whereas the 
compound of Example 4 of the present invention showed an IC 5 o value of OAfig/mi or less, 
which corresponds to 5 times improved activity. Further, the compound of Example 42 
showed much higher activity than Imatinib mesylate. 



15 



Experiment 2 

In the present experiment, the inhibitory activity of the compound of formula (1) 
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was determined against the growth of LI 2 10 cancer cell. The test was performed 
according to the same procedure as Experiment 1 . Thus obtained IC50 values [fig/mi] are 
represented in the following Table 2. 



5 Table 2. 



Example No. 




Imatinib mesylate 


32.90 


2 


7.60 


4 


26.90 


6 


3.24 


8 


7.38 


10 


3.40 


12 


0.99 


20 


4.32 


22 


4.46 


36 


5.95 



As can be seen in the above Table 2, the existing drug of Imatinib mesylate 
showed an IC 50 value of 32.90/igM against the leukemia cell line, L1210, whereas the 
compounds of Examples 12 and 6 of the present invention showed IC50 values of 
10 0.99jugM and 3.24/zgM, respectively, which corresponds to 32 times and 10 times 
improved activity, respectively. Further, all the other example compounds showed much 
higher activity than Imatinib mesylate. 

Experiment 3 

15 In the present experiment, the inhibitory activity of the compound of formula (1) 

was determined against the growth of U937 cancer cell. The test was performed 
according to the same procedure as Experiment 1. Thus obtained IC50 values [fig/ mi] are 
represented in the following Table 3. 

20 Table 3. 



Example No. 


TC.cn r/ie/mM 


Imatinib mesylate 


28.75 


2 


0.70 


4 


0.90 


6 


5.14 



43 



8 


9.44 


10 


7.30 


12 


3.41 


20 


9.51 


22 


8.61 


36 


6.91 



As can be seen in the above Table 3, the existing drug of Imatinib mesylate 
showed an IC 50 value of 28.75//g/m# against the monocyte like leukemia cell line, U937, 
whereas the compounds of Examples 2 and 4 of the present invention showed IC 5 o values 
5 of O.ljig/ml and 0.9/zgM, respectively, which corresponds to 40 times and 30 times 
improved activity, respectively. Further, all the other example compounds showed much 
higher activity than Imatinib mesylate. 

Experiment 4 

10 In the present experiment, the inhibitory activities of Imatinib mesylate and the 

compounds of Examples 2, 4, and 10 were determined against the growth of several cancer 
cells. The test was performed according to the same procedure as Experiment 1. Thus 
obtained IC 5 o values [fig/mi] are represented in the following Table 4. 



15 Table 4. 



Cancer Cell 


Imatinib mesylate 


Examnle 2 


Example 4 


Example 10 


A549 


37.18 


27.6 


46.6 


3.50 


KATO III 


32.58 


30.04 


32.35 


3.26 


KB 


47.54 


31.59 


35.04 


8.99 


HL-60 


35.68 


17.74 


27.79 


4.28 


SK-OV-03 


>50.0 


37.99 


>50.0 


25.50 


MCF-7 


>50.0 


36.22 


>50.0 


6.96 


DU-145 


9.04 


30.33 


41.26 


5.51 


KG-1 


31.22 


7.31 


>50.0 


3.31 


RPMI-6666 


33.76 


14.72 


33.80 


2.12 


SNU-182 


44.00 


24.72 


48.04 


7.94 



As can be seen in the above Table 4, the compound of Example 2 according to the 
present invention showed IC 50 values of 1/4 time and 1/2 time or less, than Imatinib 
mesylate against KG-1 and RPMI-6666, respectively. Further, the compound of Example 
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10 showed improved activity than Imatimib mesylate against all of lung cancer cell (A549), 
gastric cancer cell (KATO III), oral epithelial cancer cell (KB), hematologic malignancy 
cell (HL-60), ovarian cancer cell (SK-OV-03), breast cancer cell (MCF-7), prostatic cancer 
cell (DU-145), acute myelogenous leukemia cell (KG-1), lymphoma cell (RPMI-6666), 
and hepatoma cell (SNU-182) as demonstrated by its IC50 values of 1/10, 1/10, 1/5, 1/8, 
1/2, 1/7, 1/2, 1/10, 1/15, and 1/5 time or less, than Imatinib mesylate, respectively. 

Summarizing Tables 1 to 4, the compound of Example 4 showed activity of 5 
times or more against the CML cell line, K562, than the standard drug of Imatinib 
mesylate, and also showed a similarly excellent effect against the other cell lines, and so it 
is expected to be a candidate that is a similar type, but has a far superior effect, to Imatinib 
mesylate. The compound of Example 42 is also expected to have a better effect than 
Imatinib mesylate. Most example compounds according to the present invention 
represented superior activity against U937 and L1210 to Imatinib mesylate, and 
particularly, the compounds of Examples 2 and 4 showed a far superior effect against 
U937, and the compounds of Examples 12 and 6 against L1210. Therefore, it is 
anticipated that a new therapeutic agent may be developed against these cancers. 

On the other hand, the compounds of Examples 2 and 10 exhibited far superior 
activity to Imatinib mesylate against the other cancer cells except K562. Particularly, the 
compound of Example 2 showed high activity against acute myelogenous leukemia cell of 
KG-1, and the compound of Example 10 against lymphoma cell of RPMI-6666, lung 
cancer cell of A549, gastric cancer cell of KATO III, hematologic malignancy cell of 
HL-60, breast cancer cell of MCF-7, prostatic cancer cell of DU-145, acute myelogenous 
leukemia cell of KG-1, hepatoma cell of SNU-182, etc., and so these compounds are 
expected to be developed as new therapeutic agents against the other cancers besides the 
CML. 



Experiment 5 
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In the present experiment, the inhibitory activities of Imatinib mesylate, cisplatin, 
5-Fu, and the compounds of Examples 4 and 10 were determined against the growth of 
colon cancer cell, pancreatic cancer cell, encephalophyma cell, rectal cancer cell, cervical 
cancer cell, and bladder cancer cell. The test was performed according to the same 
5 procedure as Experiment 1. Thus obtained IC 5 o values [/zg/m£] are represented in the 
following Table 5. 



Table 5 





Cisplatin 


5-FU 


Imatinib 
mesylate 


Example 4 


Example 
10 


PANC-l 


41.55 


553.8 


53.05 


53.77 


4.62 


CAPAN-2 


496.9 


1000> 


58.57 


56.27 


45.86 


SNU-C1 


302 


95.3 


30 


10 


1.2 


CMT-93 


0.67 


1.1 


7.27 


8.39 


4.04 


HeLa 229 


0.9 


81.03 


46.9 


48.5 


5.5 


A172 


5.7 . 


99 


44.5 


39.3 


5.5 


HT-1197 


7.5 


98.5 


55 


50.1 


1.7 



10 As can be seen in the above Table 5, the compound of Example 10 according to 

the present invention showed improved activity against colon cancer cell of SNU-C1 and 
pancreatic cancer cell of PANC-l, by more than 25 and 10 times, respectively, than 
Imatinib mesylate, but similar activity against another pancreatic cancer cell of CAPAN-2. 
The compound of Example 10 also showed improved activity against encephalophyma cell 

15 of A172, rectal cancer cell of CMT-93, cervical cancer cell of HeLa229, and bladder 
cancer cell of HT-1197, by more than 8, 1.5, 8, and 32 times, respectively, than Imatinib 
mesylate. In the comparison experiment with cisplatin and 5-Fu, the compound of 
Example 10 showed improved activity against SNU-C1 by more than 250 and 80 times, 
against PANC-l by more than 9 and 120 times, and against CAPAN-2 by more than 10 

20 and 20 times, respectively. Further, it showed similar activity to cisplatin, or improved 
activity compared with 5-Fu by more than 18 times, against A172, respectively. It also 
showed improved activity against HT-1197 by more than 4.4 and 55 times compared with 
cisplatin and 5-Fu, respectively. 
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On the other hand, the compound of Example 4 showed 3 times more improved 
activity than Imatinib mesylate against SNU-C1, or similarly improved activity to the same 
against pancreatic cancer, encephalophyma, rectal cancer, cervical cancer, and bladder 
5 cancer cells. In the comparison experiment with cisplatin and 5-Fu, the compound of 
Example 4 showed 30 and 9 times more improved activity against SNU-C1, respectively. 
Further, it showed a similar activity to cisplatin or 10 times more improved activity than 
5-Fu against PANC-1, and 9 and 17 times more improved activity than cisplatin and 5-Fu 
against CAPAN-2, respectively. 

10 

Therefore, the compounds of Examples 4 and 10 are expected to be new and 
potent therapeutic agents for the treatment of pancreatic cancer, colon cancer, 
encephalophyma, bladder cancer, rectal cancer, cervical cancer, etc. besides the CML. 

15 Experiment 6 

Comparative pharmacokinetic test in white rats 

On the previous day to the test, white rats (Sprague-Dawley, 250~280g, male) 
were put under anesthesia by pentobarbital sodium (50mg/kg, LP.)- Then, cannula 
(polyethylene tube; diameter: 0.58mm) was introduced into the rats via the carotid artery 

20 and jugular vein, and drawn out to the back. After the operation, the rats were fasted for 
16 hours and used for the test. Imatinib mesylate (lOOmg/kg) and the compounds of 
Example 2 (20nig/kg) and 4 (50rag/kg) were orally administered, and the compound of 
Example 10 (50mg/kg) was intravenously administered. Blood was collected in 0, 0.5, 1, 
1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 6, 8, 10, 12, and 24 hours from the carotid artery. The 

25 samples for HPLC analysis were prepared using the collected blood according to the 
following procedure and were analyzed under the following conditions. 



Preparation of the samples for HPLC analysis 

Blood was collected by an amount of 0.5 in* at each prearranged time and 
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centrifuged at 15000rpm for 7 minutes to separate 200 of plasma. In order to remove 
proteins, MeOH was added in an amount of 400 id, twice as much as the amount of plasma, 
and the mixture was shaken for 30 minutes. The mixture was centrifuged again at 
15000rpm for 5 minutes to give protein free supernatant, which was then analyzed by 
5 HPLC 

HPLC analysis conditions 

Flow rate: 1.0 mA/min, UV detection at 267 nm 

Column: 4.6 x 150 mm, 5C18-AR-II, COSMOSIL 
10 Eluent: Mixture of ion pair sample (420mA) and MeOH (580mA) 

Ion pair sample: 7.5g of 1-octanesulfonic acid was dissolved in 800mA of water. 
The resulting mixture was adjusted to pH 2.5 using phosphoric acid and diluted with water 
to 1000mA volume. 

15 When Imatinib mesylate and the compound of Example 4 were administered per 

oral to the white rats in a dosage of lOOmg/kg, it was confirmed by the HPLC analysis that 
Cmax (maximum blood concentration) and AUC (area under the curve of time-blood 
concentration) of the compound of Example 4 were about twice as much as those of 
Imatinib mesylate. Accordingly, pharmacokinetic test was carried out by orally 

20 administering the compound of Example 4 in a dosage of 50mg/kg, half of the above 
dosage, carrying out the test according to the same procedure as above, and comparing the 
result with that of Imatinib mesylate which was administered orally in a dosage of 
lOOmg/kg. Here, the pharmacokinetic parameters are Tmax (time to reach the maximum 
blood concentration), Cmax (maximum blood concentration), AUC (area under the curve 

25 of time-blood concentration), and T xn (half time in blood), and the AUC was calculated 
under trapezoid rule (see Tables 6, 7 and Figures 1, 2). 



Table 6 





Imatinib mesylate 


Example 2 


Example 4 




( lOOmg/kg, P.O.) 


(50mg/kg, P.O.) 


(50mg/kg, P.O.) 
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Tmax (hr) 


2.3 


1.5 


2 


r.max ( ukM} 


2.724 


2.197 


3.155 


AUC 


26.461 


26.181 


22.951 


Table 7 










Example 10 
(50nig/kg, I.V.) 






Tio (hr) 


1.37 






AUC 


8.92 







As shown in the above Tables 6 and 7, although the concentration of 
5 administration of Examples 2 and 4 is half of that of Imatinib mesylate, it was identified 
that their pharmacokinetic parameters of Tmax, Cmax, and AUC are similar to those of 
Imatinib mesylate with no statistical significance (Table 6 and Figure 1). Further, the 
compound of Example 10 showed T 1/2 of 1.37 and AUC of 8.92 when it is intravenously 
administered (Table 7, Figure 2). On the basis of these results, it may be concluded that 
10 the compounds of Examples 2 and 4 exhibit the same effect as Imatinib mesylate when 
they are clinically applied at about half lower daily dosage than that of Imatinib mesylate. 
Therefore, the compound of the present invention has a superior therapeutic effect and 
various advantages in cost, etc., and also can be formulated into an oral dosage form (tablet 
or capsule) or an injection form when industrially manufactured. 

15 

Experiment 7 

Acute toxicity test in mice (oral administration) 

In order to determine the acute toxicity of the compound of the present invention 
when the compound is orally administered, mice (ICR, 24~26g) were fasted for 16 hours. 

20 One group consists of 10 males and 10 females. The first group is the control group and 
physiological saline was administered per oral to this group. The compounds of 
Examples 2 and 4 were orally administered in a dosage of 2000mg/kg, the maximum 
dosage in acute toxicity test, to each test group. After the administration, clinical 
conditions of the mice were observed for 14 days and weight change was also measured. 

25 On the last day of the test, 14 th day from the start, the mice were subjected to an autopsy in 
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order to examine changes of the internal organs. During the period of observation, 
neither abnormal response nor specific autopsy result was observed. Also, the body 
weights of the test groups do not show any change with statistical significance when 
compared with the control group. -Further, since no mouse died during the test period, it 
5 was confirmed that the compounds of Examples 2 and 4 have LD 5 o of 2,000mg/kg or more. 
This means that the compounds of the present invention including those of Examples 2 and 
4 are safe in the aspect of acute toxicity. 

Acute toxicity test in mice (intravenous administration) 

10 In this test, the acute toxicity of the compound of the present invention when the 

compound is intravenously administered was determined on mice (ICR, 24~26g). One 
group consists of 10 males and 10 females. The first group is the control group and 
physiological saline was intravenously administered to this group. The compound of 
Example 10 was intravenously administered in dosages of 25, 50, 75, and lOOmg/kg, 

15 respectively, to each test group. After the administration, clinical conditions of the mice 
were observed for 14 days and weight change was also measured. On the last day of the 
test, 14 th day from the start, the mice were subjected to an autopsy in order to examine 
changes of the internal organs. During the period of observation, the control group and 
the test group of 25mg/kg dosage showed neither abnormal response nor specific autopsy. 

20 However, the test groups of 50 and 75mg/kg dosage showed weak trembling immediately 
after the administration, but were quickly recovered within 1 hour. No mouse died in 
these test groups. Further, in the test group of lOOmg/kg dosage, 8 mice among 10 died 
within 10 minutes after the administration. The recovered mice, however, showed neither 
abnormal response nor specific autopsy. Based on this experiment, it was confirmed that 

25 the compound of Example 10 has LD 50 of 75~100mg/kg when intravenously administered. 
Considering that cisplatin shows LD 50 of 1 lmg/kg when it is intravenously administered to 
a mouse, the above result means that the compounds of the present invention are much 
safer than cisplatin. 
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Experiment 8 

Anti-cancer activity in sarcoma animal model 

The anti-cancer activity against sarcoma- 180 was determined using ICR mouse 
(22~25g, male). Sarcoma- 180 (0.1 rati; 5x1 0 7 cellsM) was hypodermically implanted to . 
the left inguinal area of the mouse. After 72 hours from the hypodermic implantation, 
physiological saline was intravenously administered to the control group. For the test 
groups, the compound of Example 10 dissolved in physiological saline in a concentration 
of 25 or 50mg/kg was intravenously administered three times at intervals of 4 days. On the 
30 th day from the implantation of the tumor cell, the mice were sacrificed to take out the 
induced solid tumors. The solid tumors were weighed, the average weight of the tumors 
was obtained, and the percent inhibition ratio was calculated according to the following 
formula: 

Inhibition ratio (I.R.) (%) = [(Cw-Tw)/Cw] x 100 
in the above formula 

I.R. represents the percent inhibition ratio, 

Cw represents the average weight of tumor of the control group; and 
Tw represents the average weight of tumor of the test group. 

The test for anti-cancer activity using sarcoma- 180, as can be seen from the 
following Table 8, shows that the test groups of 25 and 50mg/kg dosage have the percent 
inhibition ratios of 36.1 and 63.0%, respectively, compared to the control group. 
Therefore, it was confirmed that the percent inhibition ratio is dependent on the 
concentration of the compound used, and also the compound of the present invention has 
an excellent therapeutic effect against sarcoma. 



Table 8 

Anti-cancer activity of the compound of Example 10 on a mouse implanted with 
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sarcoma 180 





Average tumor weight 
(Mean±S.E.) 


Percent Inhibition Ratio 
(I.R.) 


Control eroup 


1.27+1.2 




Test grouo C25me/ke) 


7,09+1.4 


36.1% 


Test eroiio Y50me/keY 


'171+1 T 


63.0%- 



